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ABSTRACT 


An  Improved  galactic  model  Is  described  chat  Is  used  to  predict  contri- 
butions Co  the  2.2  micron  (urn)  background  resulting  from  various  classes 
of  celestial  objects.  Initially,  this  model  Is  fit  to  the  Caltech  Two-Mlcron 
Sky  Survey  to  extrapolate  to  fluxes  below  the  survey  completeness  level. 
Contributions  to  the  2.2  pm  background  due  to  main  sequence  stars  and  external 
galaxies  — not  fully  represented  In  the  survey  — are  shown  to  be  significant 
at  faint  fluxes  and  are  Included  In  the  model.  Extinction  from  Interstellar 
dust  grains  Is  also  Included  and  exhibits  a considerable  effect  on  the  back- 
ground at  these  fluxes.  At  brighter  fluxes,  Che  results  of  the  Improved 
model  do  not  deviate  significantly  from  those  of  the  previous  model. 

Several  minor  classes  of  objects  have  not  been  Included  In  the  predictions,  and 
evidence  Is  presented  that  thelx  omission  from  Che  model  has  at  most  a minor 
effect  on  the  total  2.2  ym  background  prediction.  Suggestions  are  also  made 
for  future  work. 
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This  memorandum  describes  work  recently  completed  to  improve  our  represen- 
tation of  the  celestial  background  at  2.2  vim.  A knowledge  of  this  background  is 
of  interest  to  the  defense  community  for  problems  in  satellite  navigation  and 
remote  sensing.  In  addition,  such  knowledge  has  scientific  value  for  studies 
of  stellar  evolution  and  galactic  structure.  A model  developed  by  Krassner 
et  al.  (Ref.  1)  for  extrapolation  of  the  Caltech  Two-Micron  Sky  Survey  (Ref.  2) 
to  fainter  limiting  fluxes  (Ref.  2)  has  served  as  the  foundation  for  this  work. 
The  IRC  extrapolation  mdoel  has  been  structurally  modified  so  as  to  nwike  it 
a more  realistic  representation  of  the  true  shape  of  our  galaxy.  In  addition 
to  accounting  for  extragalactlc  sources  (as  had  been  done  in  Ref.  1),  two 
new  factors  are  considered: 

• The  effect  of  faint  main  sequence  stars  not  represented  in  the  IRC 

• The  effect  of  Interstellar  extinction 

Because  these  have  opposing  effects  on  the  apparent  source  density,  it  was 
decided  in  Ref.  1 to  neglect  both  factors  as  a first  approximation.  However, 
the  present  work  has  indicated  that  the  main  sequence  contribution  greatly 
outweighs  the  loss  due  to  extinction  effects,  especially  at  faint  limiting 
fluxes. 
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DESCRIPTION  OF  GALACTIC  MODELS  AND  SOURCES 


This  section  presents  a review  of  the  galactic  structure  nKulel  used  In 
Ref.  1 that  forms  the  starting  point  of  the  work  reported  here  and  describes 
modifications  to  this  model  that  make  It  a more  realistic  representation  of  our 
galaxy.  These  mixllf Icatlons  Include  the  Insertion  of  a radial  taper  to  the 
galactic  plane  radial  density  law  (which  has  the  effect  of  excluding  a galactic 
halo),  the  Inclusion  of  Interstellar  reddening  by  iiK>dellng  the  galactic  dust 
distribution,  and  the  inclusion  of  main  sequence  stars  In  tlu?  analysis,  wlilch 
strongly  affect  the  source  counts  at  the  fainter  flux  level  considered. 


PREVIOUS  GALACTIC  STRUCTURE  MODEL 


The  Krassner  et  al.  IRC  extrapolation  model  (Ref.  1)  gives  the  number  of 
sources  per  steradlan  brighter  than  a limiting  flux  at  2.2  pm: 
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galactic  center  density  (sources/parsec  ) 

characteristic  radial  scale  of  the  density  distribution  in  tlx* 
galactic  plane  (parsecs) 

distance  of  star's  projection  on  the  galactic  plane  fn^m  the 
galactic  center  (parsecs) 

2 2 

source's  intrinsic  luminosity  (parsecs  W/cm^vim) 

> 

source's  apparent  2.2  pm  irradlance  as  seen  from  earth  (W/cnrpm) 
integration  variable  corresponding  to 
galactic  latitude 

characteristic  thickness  of  the  galactic  plane  (parsecs) 


Baaed  on  this  model,  a statistical  analysis  of  the  IRC  was  performed  in  Ref.  I, 
resulting  in  a matrix  representation  of  the  sky.  The  following  best-fit 
values  for  the  model  parameters  were  obtained  through  an  iterative  process 
described  in  Ref.  1: 
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■ 3000  parsecs 

a ■130  parsecs 

-10  2 2 

■ 2 X 10  parsecs  W/cm  um 

3 

N(0,0)  ■ 0.001b  sources/parsec 

Average  error  ■ 1.45  sources/matrix  element 

These  parameters  were  found  to  be  consistent  with  values  derived  by  other 
astronomers. 

MODIFIED  GALACTIC  STRUCTURE  MODEL 

The  previous  galactic  model  predictions  agree  with  the  IRC  at  brighter 
fluxes.  However,  In  the  galactic  plane  the  extrapolation  (see  dotted  lines  on 
Fig.  la-c)  predicts  an  ever- Increasing  number  of  sources  with  fainter  fluxes 
(a  halo).  For  directions  other  than  those  In  the  galactic  plane,  the 
extrapolation  has  a different  behavior:  along  these  directions,  the  source 
density  vs.  limiting  flux  curves  level  off  at  fluxes  corresponding  to  seeing 
to  the  galactic  "edge"  (no  halo).  Because  the  sensitivity  limit  of  the  IRC 
(2.5x10  W/cm  /nm)  Implies  an  Inability  to  detect  stars  further  than  several 
hundred  parsecs  distant,  we  have  no  Information  as  to  the  existence  of  a 
galactic  halo  based  on  the  IRC.  However,  this  difference  In  behavior  In  and  out  of 
the  plane  Is  unsatisfactory.  Faced  with  this  difficulty,  a choice  was  made 
to  exclude  the  halo  by  inserting  a radial  taper  in  the  galactic  plane 
density  law  (see  below).  Justification  for  this  choice  is  as  follows: 

• First,  the  existence  of  a halo  of  the  type  Inferred  here  Iws  not  been 
unambiguously  demonstrated  by  any  astronomical  observations  to  date 

• Second,  If  such  a halo  were  present.  It  would  be  noticeable  only 

at  the  faintest  fluxes  considered  here.  At  such  fluxes  other  classes 
of  objects,  although  minor  by  comparison  to  those  already  considered 
are  expected  to  be  at  least  comparable  and  probably  dominant 
to  the  halo 

• Finally,  even  If  the  halo  does  exist,  we  do  not  know  even  the  basic 
parameters  needed  to  model  Its  size,  shape,  and  population. 
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with  this  In  mind,  a slight  edification  to  the  Ref.  1 model  reeves  the 

halo  In  the  plane.  The  galactic  plane  density  law  assumed  in  Ref.  1 is  altered 

by  including  the  factor  — — (suggested  bv  Dr.  T.  Hilgeman,  private 

(15000‘+r2) 

conmunicat ion) . This  is  based  on  currently  accepted  estimates  for  a galactic 
radius  of  15,000  parsecs  and  results  in  tapering  the  edeled  galaxy  to  approx- 
imate a finite  disc.  Kor  distances  less  than  15,000  parsecs  from  the  galactic 
nucleus,  this  differs  little  from  the  previous  model;  beyond  15,000  parsecs, 
the  disc  is  tapered  as  desired.  The  new  IRC  extrapolation  model  is  thus: 


-1/2N(0, 
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The  best-fit  parameters  obtained  when  the  new  model  was  applied  to  the  IRC 

are: 

R^  ■ 3700  parsecs 

o "HO  parsecs 

- 10  3 2 

■ 2 X 10  parsecs  W/cm  /um 

N(0,0)  - 0.0016  sources/matrix  element 

Only  R^  is  affected  by  the  jodel  alteration.  Encouragingly,  the  resultant 
average  error  is  comparable  to  that  obtained  in  the  Ref.  1 model. 

Using  the  new  set  of  parameters,  the  present  model  yielded  the  short-dashed 
curves  in  Fig.  la-c.  As  expected,  the  old  model  results  are  reproduced  for 
positions  outside  the  galactic  plane  (B  0),  and  the  curves  corresponding  to 
lines  of  sight  in  the  plane  level  off  at  limiting  flux  values  corresponding  to 
the  edge  of  the  galaxy. 
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EXTINCTION  MODIFICATION 


After  we  were  satisfied  that  th*“  new  model  was  more  precisely  defined 

structurally,  we  proceeded  with  a consideration  of  interstellar  extinction. 

The  equation  expressing  apparent  distance  to  an  object  (S^pp)  as  a function  of 

Its  actual  distance  (S  In  the  presence  of  absorption  is: 

act 

.2  .2 


app 


S e act 
act 


(3) 


in  which  < is  the  wavelength  dependent  interstellar  extinction  coefficient.  An 

-4 

accepted  value  for  ic  is  1.46  x 10  per  parsec  at  2.2  pm  (Ref.  3),  and 
this  value  is  assumed  below. 

Furthermore,  the  apparent  distance  to  an  object  is  also  expressible  in 
terms  of  its  intrinsic  luminosity  and  measured  irradiance  as: 

„2 


app 


L,/H, 

A Ameas 


(4) 


Similarly,  the  actual  distance  is  given  in  terms  of  the  intrinsic  lumin- 
osity and  what  would  have  been  the  irradiance  had  there  been  no  extinction: 


act 


(5) 


From  Eqs.  (3),  (4)  and  (3)  we  obtain: 

-K  S 
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Xmeas 


H,. 


"x  ' 


act 


(6) 


Equation  (3)  contains  no  directional  dependence  whatsoever.  The  absorption 
model  of  Eq.  (6)  would  therefore  be  unrealistic,  for  the  interstellar  grains 
responsible  for  absorption  are  concentrated  in  the  galactic  disc  in  what  we  may 
approximate  by  a flattened  homogenous  cylindrical  dust  cloud  whose  radius  is 
13  klloparsecs  (the  assumed  galactic  radius)  and  whose  thickness  is  100  parsecs. 
Note  that,  in  actuality,  the  grain  distribution  is  quite  clumpy.  However, 
errors  due  to  the  assumption  of  homogeneity  have  their  greatest  effect  over 
small  patches  of  the  sky.  By  modeling  only  the  large  scale  structure  of  the 
sky,  we  effectively  average  these  out.  In  addition,  the  problem  only  applies 
for  nearby  objects;  at  fainter  fluxes,  and  hence  larger  distances,  the  dumpiness 
is  averaged  out. 

The  final  form  of  the  absorption  model,  after  the  isotropic  Eq.  (6)  is 
slightly  altered  so  as  to  introduce  the  homogeneous  absorbing  cylinder,  is: 
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(7) 


I 


Vmeas 


I.  S , 

H^e  abs 


In  which  is  the  distance  traversed  through  tlie  absorbing  cylinder  along 

the  line  of  sight  to  a source.  For  sources  located  within  the  cylinder,  S . ^ 

ci  D S 

is  simply  the  actual  distance  to  the  source,  S , and  Eq.  (6)  is  applicable. 

dC  c 

For  sources  outside  the  cylinder,  however,  S , is  less  than  S and  its  value 

abs  act 

is  given  by  the  distance  to  the  edge  of  the  cylinder  along  the  line  of  sight. 

To  account  for  extinction  effects,  we  need  only  shift  the  abscissa  of  the  source 
density  vs.  limiting  flux  graphs  according  to  Eq.  (7). 

The  result  of  our  consideration  of  absorption  effects  on  the  IRC  extra- 
polation is  clearly  visible  in  Fig.  la-c  (long  dashed  lines).  As  expected,  the 
most  significant  changes  occur  for  lines  of  sight  within  the  galactic  plane, 
where  the  difference  between  S and  S , is,  on  the  average,  relatively  large. 

ilC  C d DS 

The  effect  of  absorption  decreases  rapidly  as  |b|  Increases  from  0 (out  of 
the  galactic  plane).  In  fact,  even  at  B - 20°,  no  absorption  effects  are 
discernible  in  our  model. 

Note  that.  Independent  of  line  of  sight,  the  source  densities  obtained  with 
and  without  extinction  at  a faint  enough  limiting  flux  eventually  converge. 

This  is  to  be  expected  since,  regardless  of  amount  of  absorbing  material,  there 
must  be  some  flux  at  which  all  sources  in  our  galaxy  will  be  seen  (corresponding 
to  seeing  as  far  as  the  galactic  "edge"). 

E.XTRAGALACTIC  SOURCES  AND  MAIN  SEQUENCE  STARS 

In  addition  to  the  IRC  class  of  sources,  two  other  types  of  objects  must 
be  considered:  extragalactlc  sources  (l.e.,  external  galaxies)  and  main 
sequence  stars. 

As  has  been  previously  mentioned,  we  have  in  Ref.  1 already  accounted  for 
the  extragalactlc  contribution  to  the  2.2  pm  celestial  background  according  to 
the  empirical  equation: 

log  N - - 1.3  log  H - 24.1  (8) 

After  applying  our  absorption  model  to  this  component  of  predicted  source 

density  and  adding  the  result  to  the  absorbed  IRC  extrapolation  (long  dashed  lines), 

the  solid  lines  in  Fig.  2a-c  result.  Even  at  a limiting  irradiance  as  low  as 
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2.2  fim  Flux  H (W/cm^/^m)  vt 
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10  W/om*/iim,  th<>  contribution  duo  to  oxtoruNl  gdlaxleti  it)  Hoon  to  bo  noKliglblo 
for  llno8  of  Hl^bt  In  tbo  italnctic  plnno,  hh  Im  tbo  cmho  with  tlio  Kot.  1 iikhIcI, 
Out  of  tho  piano,  howovor,  wliore  absorption  offoita  aro  loss  slKnliicant  and 
IRC-typo  sources  aro  loss  numorous,  oxt  ranalact  Ic  siuircos  dimtlnato  IKC  smircos, 
and  tbo  resultant  curves  aro  nearly  identical  to  those  obtained  in  Kot,  1. 

Tbo  typical  source  observed  in  the  IRC  is  a Kill  (K  giant)  star  with  an 
effective  black  body  temperature  of  approximately  3250''K.  The  nxHle  of  the 
IRC  spectral  type  distribution  occurs  at  type  KS,  in  very  goixl  agreemt*nt 
wltb  the  best-fit  luminosity.  However,  giant  stars  are  greatly  outnumbered 
by  the  less  luminous  main  sequence  stars  in  the  galaxy.  Hence,  for  faint 
limiting  fluxes,  we  must  also  consider  main  sequence  stars  as  potential  2.2  von 
sources.  Though  mi>st  main  sequence  stars  have  effective  radii  lov^  snvill  to 
enable  their  corresponding  Infrared  intrinsic  luminosities  to  be  comparable  to 
K giants  (which  are  about  three  orders  of  magnitude  brighter),  their  over- 
whelming number  density  results  In  main  sequence  stars  being  the  dominant  2.2  pm 
emitters  at  faint  enough  limiting  fluxes.  The  following  data  for  main  sequence 
stars  were  obtained  from  Ref.  4: 

TABIJ:  1 PROPERTIES  OF  M/ilN  SEQUENCE  STARS 


Soviet ral  Type 

i) 

B 

A 

F 

K_ 

^ 

0 .parsecs) 

SO 

bO 

115 

190 



340 

350 

350 

N(solar) 

(parsec”^) 

2x10“^ 

-5* 

1x10 

5.7x10"^ 

2.2x10"^ 

4.3xl0~^ 

lxl0~^ 

_■> 

b.5xl0 

-4.5 

-2.0* 

■*■1.2* 

■*•2.0* 

•f3.5* 

■*•4.2* 

■*■6 . 0* 

Estimated.  Several  values  were  given  corresponding  to  different  spectral 
subclasses. 

In  Table  1,  o is  tho  characteristic  thickness  of  the  galaxy  for  stars  of  the 
Indicated  spectral  type;  N (solar)  is  their  source  density  in  the  solar 
neighborhood;  and  is  their  typical  absolute  magnitude  at  2.2  vtm. 

By  the  definition  of  K magnitixle,  we  may  use  the  following  formula  to 
convert  the  2.2  vim  absolute  magnitvides,  M|^,  from  Table  1 to  intrinsic  luminosities 
at  2.2  pm: 


L(2.2vim)  - (4  X 10  ^^)(2.512)  (parsecs^W/cm^/um) 


('i) 


Source  density  at  the  galactic  center,  N(0,0),  nuiy  be  expressed  In  terms 
of  the  solar  neighborhood  density  using  the  nkxJifled  galactic  plane  density  law; 


N(O.O) 


2 2 
3700  R 

« 

3700^ 


I 15000^  + 


15000“ 


N(so]ar)  ' 12  N(solar) 


(10) 


where  for  R^,  the  sun's  distance  from  the  galactic  center,  we  use  tlie  currently 
accepted  value  of  10  klloparsecs. 

The  above  values  for  o are  given  along  with  calculated  values  of  galactic 
center  source  density  and  intrinsic  luminosity  In  Table  2: 


TABLE  2 MODEL  PARAMETERS  FOR  MAIN  SEQUENCE  STARS 


Spectral  Type 

0 

B 

A 

F 

K 

_ M 

(parsecs) 

50 

60 

115 

190 

340 

350 

350 

N(0,0)  _3 

(parsecs  ■^) 

2.4x10“^ 

1.2x10"^ 

6.8x10"^ 

0.026 

0.052 

0.12 

0.78 

L(2.2um) 

parsecs^W/cm^ 

2.5x10"^° 

/pm 

2.5x10"^^ 

1.2x10"^^ 

6.4x10"^^ 

1.6x10"^^  8.4x10"*^ 

1.6x10”'^ 

The  IRC  doesn't  contain  enough  main  sequence  stars  to  fit  galactic  parameters. 
Therefore,  we  have  retained  our  value  of  3700  parsecs  for  the  characteristic 
radial  scale  of  the  density  distribution  in  the  galactic  plane.  Though  it  was 
obtained  from  a statistical  sample  of  primarily  giant  stars,  wc  assume  this 
value  to  be  generally  applicable.  We  therefore  have  four  parameters  o, 

N(G,0),  and  L^)  for  each  main  sequence  spectral  type  that  mtty  be  substituted 
in  the  galactic  (extrapolation)  model,  Eq.  (2). 

Because  a different  luminosity  corresponds  to  each  spectral  type,  our 
absorption  model  must  be  applied  to  each  type  individually  prior  to  summing  to 
obtain  the  overall  main  sequence  contribution  to  the  2.2  pm  celestial  background. 
Source  density  vs.  limiting  flux  has  been  plotted  for  the  main  8equt>nce  stars 
both  with  and  without  absorption  in  Fig.  3a-c. 
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3 Numbtr  of  Main  Saquence  Stan/Squara  Degraa  Bri^tar  Than  2.2  ^tn  Flux  H (W/ctn^/pm)  vs  H 
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RESULTS  AND  DISCUSSION 

By  summing  the  contributions  due  to  main  sequence  (Fig.  3a-c)  and  nonmaln 
sequence  (Fig.  2a-c)  sources  in  the  presence  of  absorption,  we  obtain  an 
Improved  prediction  of  the  2.2  um  celestial  background  (Fig.  4a-c) . Careful 
Inspection  reveals  a similar  component  structure  along  each  of  the  12  lines 
of  sight  considered.  At  the  brightest  limiting  flux  values,  the  contribution 
in  each  direction  is  due  primarily  to  IRC-type  (K  giant)  sources.  This  is  also 
true  of  the  Ref.  1 predictions  and  is  expected.  Main  sequence  stars  dominate 
the  source  density  for  moderately  faint  fluxes,  while  extragalactlc  sources  make 
their  presence  apparent  at  the  very  faintest  limiting  Irradiances  considered. 

As  the  line  of  sight  approaches  the  galactic  plane,  main  sequence  stars 

become  less  and  less  dominant.  -For  Instance,  over  the  flux  range  from  10  to 
—20  2 

about  3 X 10  W/cm  /pm,  the  graph  for  L = 0,  B =*  90®  in  Fig.  4a  has  an 
appearance  Identical  to  that  of  the  corresponding  line  of  sight  in  Fig.  3a, 
indicating  the  dominance  of  main  sequence  sources.  However,  at  L = 0,  B = 0 
(toward  the  galactic  center),  no  main  sequence  component  is  visible  except  at  the 
faintest  limiting  flux  considered  (10  ^Hf/cm  /pm). 

With  extinction  and  main  sequence  stars  accounted  for,  the  contribution  to 

the  2.2  pm  celestial  background  due  to  extragalactlc  sources  has  negligible 

effect  except  for  lines  of  sight  nearly  perpendicular  to  the  galactic  plane, 

-20  2 

and  then  only  for  flux  limits  below  10  W/cm  /pm. 

In  addition  to  galactic  latitude  and  longitude,  our  results  may  alternatively 
be  presented  in  celestial  coordinates  (right  ascension  and  declination) . Three 
declination  bands (+10®,  0®,  and  -10®)are  chosen,  and  for  each  limiting  flux  H^, 
the  number  of  sources  per  square  degree  with  Irradlance  brighter  than  are 
plotted  as  a function  of  right  ascension  (see  Fig.  5a-c).  The  peaks  centered 
around  right  ascension  a(1950.0)  - 7^  correspond  to  crossing  the  galactic  plane 
at  galactic  longitude  L - 215®,  and  the  peaks  centered  at  a(1950.0)  ' 19^ 
correspond  to  passing  through  the  plane  at  L = 33®.  At  the  declinations  con- 
sidered, the  galactic  center  (L  * 0,  B * 0) , anticenter  (L  * 180®,  B » 0) , and 
poles  (B  ■ ±90)  are  not  represented.  Referring  to  Figs.  2 through  4,  it  can 
be  shown  that  Fig.  5a  depicts  primarily  IRC  giant  sources.  Fig.  5c  represents 
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Fig.  4 C«lMtial  Background  at  2.2  Mm 


primarily  main  sequence  stars,  and  Fig.  Sb  is  an  intermediate  case  with  giants 
dominating  the  peaks  and  main  sequence  stars  dominating  elsewhere.  Features 
observed  in  these  figures  — such  as  peak  sharpening,  flattening  of  the  region 
between  peaks,  and  full  widths  of  the  peaks  at  half  maxima  (FWHM)  — are 
explained  in  terms  of  absorption  and  the  shape  of  the  galaxy.  The  apparent 
shape  of  the  galaxy,  in  turn,  depends  upon  what  component  of  source  density  is 
dominant  at  a particular  limiting  Irradiance  because  to  each  component  there 
corresponds  a different  o;  that  is,  in  our  galactic  model,  the  d 1 stance- from- 
plane  dependence  of  source  density  is  Included  in  the  gausslan: 


-(S^ct  slnB/o)^ 


(11) 


-17  2 

For  “ 6 X 10  W/cm  /pm,  IRC-type  sources  dominate  the  2.2  pm  celestial 

background  at  all  but  the  highest  galactic  latitudes,  where  main  sequence  sources 

-10  2 

dominate.  With  this  H,  and  an  intrinsic  luminosity  of  2 x 10  parsecs 
2 ^ 

W/cm  /pm  (from  the  IRC  parameter  fit),  Eq.  (4)  Implies  an  apparent  distance  of 

1800  parsecs.  Because  of  absorption  effects,  this  corresponds  to  an  even 

smaller  actual  distance  of  about  1600  parsecs.  Relative  to  an  observing  range 

of  1600  parsecs,  a galactic  thickness  of  130  parsecs  is  quite  significant.  We 

-17  2 

are  therefore  Justified  in  concluding  that  at  6 x 10  W/cm  /pm  the  galactic 
plane  appears  to  subtend  a relatively  large  angular  diameter,  thus  accounting 
for  a fairly  large  FWHM  for  the  peaks  in  Pig.  5a.  Their  shape  is,  of  course, 
determined  by  the  aforementioned  gausslan  distribution  (Eq.  (11))  in  which  a 
value  of  130  parsecs  is  used  for  o. 

-19  2 

At  the  fainter  limiting  flux  of  6 x 10  W/cm  /pm  (Fig.  5b)  main  sequence 
stars  outnumber  giants  as  well  as  external  galaxies  along  all  lines  of  sight 
except  for  those  very  near  the  plane.  Now,  however,  with  a limiting  flux  two 
orders  of  magnitude  fainter,  we  are  able  to  detect  IRC  sources  in  the  galactic 
disc  to  actual  distances  greater  than  9000  parsecs  at  L ■ 33°  and  to  nearly 
12,000  parsecs  at  L ■>  215*.  A greater  distance  is  obtained  at  L - 215° 
because  of  the  truncation  of  absorption  at  the  edge  of  the  galaxy.  The  galactic 
edge  in  this  direction  is  5600  parsecs  away,  about  half  as  distant  as  the  actual 
observing  range.  Once  again,  the  effective  galactic  thickness  (as  determined  for 
IRC-type  sources)  is  130  parsecs,  but  at  these  great  distances  the  galactic  plane 

is  confined  to  an  angular  thickness  much  smaller  than  that  determined  for  H.  « 

-17  2 ' 

6 x 10  W/cm  /pm.  Our  resolution  of  galactic  structure  has  therefore  been 
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significantly  enhanced,  enabling  us  Co  account  for  the  small  FWHM  values  for 
the  peaks  In  Fig.  5b.  As  a consequence  of  the  angular  thinness  of  the  peaks,  the 
gausslan  defining  the  peaks  appears  pointed.  In  other  words,  at  this  value  of  , 
the  ni’del  detects  galactic  sources  to  a distance  of  9 kpc  in  Che  direction 
L “ 33*,  B “ 0“  while  only  to  5.6  kpc  In  the  direction  L » 215®,  B « 0°;  this 
accounts  for  the  peaks  at  a * 7^  being  slightly  shorter  and  having  a slightly 
larger  FWHM  than  those  at  a ' 19^. 

-21  2 

At  = 5 X 10  W/cm  /pm,  main  sequence  sources  are  dominant  along  all 
lines  of  sight.  Along  these  lines  of  sight  corresponding  to  the  peaks  In  Fig.  5c, 
main  sequence  stars  of  spectral  type  A contribute  most  significantly  to  the 
source  density.  These  stars  have  a characteristic  galactic  thickness  of  115 
parsecs  and  their  luminosity  enables  us  to  detect  them  to  distances  as  great 
as  lA  klloparsecs  Coward  L ■ 33®,  B ■ 0 and  to  more  than  25  klloparsecs  toward 
L • 215®,  B - 0,  thereby  accounting  for  the  sharpness  of  the  peaks.  The  peak 
corresponding  Co  a galactic  longitude  of  33®  Is  noticeably  higher  and  thinner  than 
the  peak  associated  with  L ~ 215®.  This  Is  because  galactic  sources  along  L ~ 33° 
may  be  detected  as  far  away  as  14  klloparsecs  as  determined  by  absorption,  the 
flux  limit,  and  the  effective  luminosity;  at  L ~ 215®  Che  galactic  "edge"  Is 
only  about  5700  parsecs  distant,  and  this  determines  a limit  to  the  number  of 

observable  sources  (external  galaxies  do  not  yet  contribute  significantly). 

-21  2 

At  5 X 10  W/cm  /pm,  the  next  most  abundant  class  of  stars  are  F and  then 

G main  sequence  stars.  Each  has  a successively  larger  o,  which  accounts  for 
the  broadness  of  Che  peaks. 

As  expected  the  overall  source  density  Increases  with  fainter  and  fainter 

flux  limits  (progression  from  Fig.  5a-c) ; It  is,  however,  worth  noting  that 

although  source  density  increases  by  two  orders  of  magnitude  for  a decrease  of 

-17  -19  2 

two  orders  of  magnitude  In  from  6 x 10  to  6 x 10  W/cm  /pm,  the  source 
density  goes  up  only  about  one  order  of  magnitude  when  the  limiting  flux  Is 
decreased  by  nearly  two  more  orders  of  magnitude  to  5 x 10  W/cm  /pm.  Again, 
this  effect  Is  primarily  attributable  to  absorption,  the  galactic  "edge,"  and 
an  effective  galactic  thickness.  For  lines  of  sight  out  of  the  plane,  different 
components  dominate  to  different  limiting  fluxes  because  some  sources  are 
typically  found  further  from  the  galactic  plane  than  others.  For  a given  line  of 
sight  in  the  disc  and  a given  class  of  stars,  absorption  becomes  increasingly 
significant  for  fainter  and  fainter  Irradlance  limits.  Also,  at  faint  enough 
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fluxes,  observation  to  actual  distances  surpassing  that  of  the  galactic  "edge" 
are  possible,  resulting  In  a temporary  (until  extragalactlc  sources  are 
detectable)  cutoff  In  the  number  of  sources  observed. 


I 
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CONCLUSIONS 


The  Ref.  1 predictions  for  the  2.2  utn  source  densities  were  based  on  K giant 
stars  along  all  lines  of  sight  down  to  the  fluxes  at  which  the  effects  of 
external  galaxies  become  important.  At  all  but  the  faintest  fluxes  considered, 
we  still  estlnuite  that  giant  stars  outnumber  all  others  for  lines  of  sight 
in  the  galactic  plane.  However,  the  structural  modification  to  the  model  (Eq. 

(2))  and  considerations  of  interstellar  absorption  both  have  significant 
effects  in  the  plane.  For  fainter  stars,  along  lines  of  sight  outside 
the  galactic  plane,  we  have  determined  a main  sequence  star  dominance.  As  a 
net  result,  the  present  predictions  differ  from  those  given  in  Ref.  1 along  all 
lines  of  sight  for  the  fainter  flux  limits. 

Further  refinements  to  the  celestial  background  prediction  could  Include 
consideration  of  additional  sources,  statistical  studies  of  moments  of  the 
distribution  (clumping),  and  extrapolation  to  other  wavelengths.  Some  of  the 
additional  sources  which  could  be  considered  are  HIl  regions,  supernova 
remnants,  planetary  nebulae,  variable  stars,  and  subdwarfs.  As  noted  in  tlx* 
following  paragraphs,  we  do  not  expect  these  sources  to  be  significant  for  the 
present  work.  The  existence  of  clumping  is  evident  in  visual  data,  showing  up 
in  clusters,  binary  stars,  and  apparent  projection  effects.  Extrapolation 
to  other  wavelengths  would  be  useful  for  evaluating  other  catalogs  as  well  as 
for  providing  a good  estimate  of  the  densities  of  fainter  sources  at  these 
wavelengths. 

Rough  estimates  of  the  contributions  of  each  of  the  above  additional 
objects  to  the  total  source  count  can  be  made.  HIT  regions  are  associated  with, 
and  have  at  most  a luminosity  equaling  that  of  0 and  B stars.  Since  the  0 and 
B stars  produce  a negligible  contribution  to  the  main  sequence  counts,  HIT 
regions  will  be  equally  negligible.  Supernova  remnants,  although  extremely 
luminous,  are  very  rare.  (The  Crab  nebula  has  an  absolute  2.2um  luminosity  com- 
parable to  the  IRC  giant  stars.)  Assuming  a generous  supernova  rate  of  a 
' 5/century  and  a lifetime  of  ' 10  years,  implies  ■■  5000  supernova  remnants  in  the 
galaxy  at  a given  time.  Hence,  in  spite  of  their  large  luminosities,  .sui>ernova 
remnants  are  too  rare  to  be  important  when  compared  to  the  ~ 10^^  galactic  giant 
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and  main  sequence  stars.  Planetary  nebulae  have  2.2  pm  luminosities  about 

20  percent  that  of  giant  stars.  However,  their  assessed  number  density  in  the 

galaxy  is  ' 1 percent  that  of  the  giant  stars.  The  combination  of  lower 

luminosities  and  fewer  sources  again  results  In  their  not  contributing 

significantly  to  the  total  source  counts.  Though  the  luminosities  of 

the  brightest  classes  of  variable  stars  are  comparable  to  those  of  giants,  their 

-7  3 

extremely  small  number  density  compared  to  main  sequence  stars  ('10  /parsec 
-2  3 

compared  to  ' 10  /parsec  in  the  solar  neighborhood)  again  justifies  our  having 
neglected  this  group.  The  same  conclusion  is  true  for  subdwarf  stars,  especially 
given  that  their  luminosity  is  ' 5 times  less  than  that  of  the  more  prevalent 
main  sequence  stars  (K  and  M types). 

Clumping  is  commonly  observed  among  stars  in  the  galaxy.  A number  of 
phenomena  are  responsible  for  this  effect,  including  actual  clustering  of  stars 
into  groups  of  varying  size  (e.g.,  globular  clusters),  the  tendency  of 
stars  to  form  in  "open  clusters"  and  in  pairs  (binary  stars),  and  projection 
effects  in  which  several  unrelated  stars  might  be  along  almost  identical 
lines  of  sight  (although  at  different  distances).  Furthermore,  because  a 
detector  sees  a finite  field  of  view,  several  faint  stars  (just  below  the 
detector's  threshold  for  detection)  might  not  be  spatially  resolved,  but  their 
combined  flux  could  cause  a response  by  the  detector.  The  degree  of  clumping 
would  have  an  effect  on  the  rate  of  such  false  detections.  This  effect  has 
been  known  to  radio  astronomers  for  many  years  as  the  "confusion  limit." 

A statistical  analysis  of  clumping  (determining  moments  of  the  source 
distribution  function)  would  be  needed  to  analyze  this  effect. 

Extrapolation  of  the  present  model  to  longer  or  shorter  wavelengths  could 
be  more  realistic  than  predictions  based  on  fits  to  other  catalogs.  This 
is  because  the  IRC  is  complete  to  distances  sufficient  to  resolve  galactic 
structure  and  has  a large  number  of  sources,  most  of  which  are  similar  in 
luminosity.  Visual  catalogs  are  complete  only  in  the  solar  neighborhood  due  to 
the  effects  of  Interstellar  extinction,  which  varies  with  viewing  direction. 
Existing  longer  wavelength  catalogs  lack  a sufficient  number  of  sources  for 
reliable  statistics  and  include  a variety  of  unidentified  sources  of  presumably 
widely  varying  luminosity. 

In  summary,  we  believe  that  the  present  source  density  predictions  are 
an  improvement  over  those  of  Ref.  1 at  faint  flux  levels.  In  addition,  we  have 
indicated  other  classes  of  objects  that  could  be  detectable  at  faint  fluxes  and 
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have  presented  reasons  why  their  inclusion  in  the  present  model  would  produce 
at  most  minor  changes.  As  a result,  it  is  our  feeling  that  a fruitful  area  for 
future  work  would  be  to  concentrate  on  the  clumping  and  the  wavelength 
extrapolation  aspects  of  the  problem  of  determining  the  celestial  background. 
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